Introduction
Synaptogenesis involves a complex series of events, spanning neuronal differentiation, cell-cell contact and localized induction of presynaptic and postsynaptic differentiation. Synaptic specificity is determined by the developmental status of both partner cells, by neuronal and glial cues that influence competence for synaptogenesis, by long-range and local axon and dendrite guidance cues, by cell-adhesion molecules that mediate contact, and by local presentation of differentiation-inducing molecules. Although activity is a major force in sculpting circuitry during development [1] and regulates synaptic composition and strength [2] [3] [4] , it is not essential for the basic assembly of synapses. Synapses form normally when neurotransmitter release is chronically blocked using clostridial neurotoxins or genetic methods [5] [6] [7] . We focus here on molecular cues involved in the later stages of synaptogenesis, once appropriate axons and dendrites are brought into proximity. Studies of several major synaptogenic molecules identified for glutamatergic and/or GABAergic synapses are summarized in Table 1 , and partial molecular linkages are shown in Figure 1 [8] [9] [10] . We also focus on aspects of recent studies that particularly illuminate how basic parameters of synapses are shaped.
For this review, we consider a 'synapse' to mean a functional synapse (noting that other more limited definitions of synapses, based on structure or molecular composition, can be useful in many circumstances) (Box 1). We use 'hemi-presynapse' or 'presynaptic differentiation' to refer to clusters of release-competent synaptic vesicles, and 'hemi-postsynapse' or 'postsynaptic differentiation' to refer to clusters of surface neurotransmitter receptors and associated signaling and scaffolding molecules. These hemi-synaptic elements can be combined in a bona fide synapse or induced in isolated axons or dendrites by individual synaptogenic molecules (Figure 2 ).
Competence
Neurons acquire the ability to form synapses as part of a developmental maturation process. Intrinsic limitations in competence to form synapses have been demonstrated in cell culture studies, where a difference in experience of two days can be crucial. For example, hippocampal neurons from embryonic day (E)18 rats form functional synapses in culture but, under the same conditions, E16 neurons form morphological synapses that are largely presynaptically silent, regardless of how long they are maintained in culture [11] . Thus, E16 neurons can be considered as lacking in competence to form fully functional synapses. In other heterochronic culture experiments, axons and dendrites were found to mature at different rates. Axons of E18 neurons can form presynaptic specializations within one day in vitro, whereas the target dendrites require three days in vitro to promote such presynaptic development in contacting axons [12] .
Mechanisms promoting synaptogenic competence involve both intrinsic programs of differentiation and exposure to neuron-target-derived and glia-derived factors. As in the example of E16 hippocampal neurons in culture, functional synapses can be induced by addition of neurotrophins [11] . Brain-derived neurotrophic factor (BDNF) promotes formation of functional synapses through multiple but distinct mechanisms for glutamatergic and GABAergic synapses. For hippocampal and neocortical neurons, BDNF alters properties of both synapse types and also selectively promotes interneuron axon and dendrite growth and glutamic acid decarboxylase (GAD) gene expression [11, [13] [14] [15] [16] . Other factors that might be considered to promote synaptogenic competence include neuron-target-derived
